Wilson's disease (WD) is an autosomal recessive disorder in which copper metabolism is impaired. In fact, copper accumulates in various organs and tissues can be seen and causes toxic effects in various tissues including liver, brain, kidneys and eyes. Sulfur amino acid is a metabolite of D-penicillamine and penicillamine and copper Chlator is a factor that causes urinary excretion of copper and WD therapeutic agent as well. The interesting thing about the neurological symptoms of Wilson's disease with penicillamine is the drug may worsen or even in an asymptomatic patient, the treatment may be creating symptoms. DTPA is a pentavalent compound containing carboxylic DTPA is a chemical compound that is used in radiation therapy and MRI. It can give the metal chelate with iron, copper and other cations can be conjugated and also treatment of internal body pollution caused by various elements, including raDOIactive elements. DTPA could not be lonely absorbed by the cell. The goal is to conjugate it with the G2 Dendrimer (Nanosized anionic linear biocompatible polymer) to bring it to the nano size and increase the intracellular uptake compared to the ground state. Based on the hypothesis, nanoconjugated DTPA-Dendrimer G2 was synthesized and then evaluated on Hep G2 WD cell model in vitro and the results showed a good effectiveness without any toxicity for the conjugate in decreasing the intracellular copper level comparing to gold standard D-penicillamine respectively. Based on the findings the nanosized conjugate seems to have very good prognoses and clinical future and this needs to be further investigated.
Introduction
Wilson's disease (WD) is a disease in which the analysis of copper metabolism is impaired (1, 2) . On the other hand, the disease is an autosomal recessive disorder of copper metabolism which causes to copper accumulation in various organs and tissues that can be seen as clinical features. Toxic copper accumulation in various tissues such as liver, brain, kidneys and eyes are reported first time in 1912 by Kinner Wilson as a degenerative disorder of neurological symptoms and these were associated with cirrhosis, In 1912, Hall reported symptoms of liver disease and degeneration and called Hepatolentycolar (3,4) Further studies revealed that the disease is more common in families of patients (5). Hall showed that the disease is commonly more observed in children whose parents have WD (6,7).
In 1956, Walshe successful use of oral Dpenicillamine as a copper reducing agent in the WD treatment reported (8,9). Penicillamine is a penicillin metabolite of sulfur amino acids and is a factor in the copper Chlate formation that causes to urinary excretion of copper, which is the primary act of D-penicillamine, so free and toxic copper will be out of the reach of hepatocytes and thus reduces the cell damage (10).
The interesting thing about the neurological symptoms of WD with penicillamine is the drug may worsen or even caused to increase in an asymptomatic disorder and as a result, this treatment may be the cause of symptoms (10,11). To improve D-penicillamine side effects and as an alternative treatment trientine was designed and approved to use clinically in those with severe drug reactions with D-penicillamine and it is preferred as first-line treatment in patients with neurologic symptoms. But many of the side effects seen with D-penicillamine is also seen in trientine therapy especially in women and hence, there is a need for generation of novel safe and effective anti-WD agents (12,13).
In biomedical application such as drug delivery or medical imaging, size plays a significant role in the efficacy and success of the treatment. Macro size has notable draw-backs when compared to nano-size with regard to biological applications, due to the size of cellular and subcellular compartments. For instance, conventional micron-size drug delivery techniques in cancer therapy suffer from inefficacy of delivery, inadequate targeting, toxic effects on healthy tissues, and impaired transport to tumor sites (14, 15, 16) .
However, micron sized (µm) cell entering vehicles cannot traverse in a passive fashion through cells and cell pores, and this also includes tumor cells with pore sizes as big as 380-780 nm. As a result, the ideal system for biological applications would be a targeted nano-delivery system (14-18).
Increasing the drug bioavailability at its action site (e.g., extracellular or even intracellular) may cause to increase the drug potency and or to reduce the administered dose therefore, to decrease the drug toxicity (19, 20) . This is often possible by means of safe nanocarriers (21, 22) such as anionic linear globular dendrimers (23) (24) (25) . Dendrimers are macromolecules which contains generally from three full branches. (26, 27) . Today, polymeric structures with very low poly dispersity, eg, dendrimers, are being preferred as carriers of drugs. Dendrimers are a series of polymeric architectures with different chemical and surface-related properties. A large number of superiorities over traditional polymers have been proclaimed for these dendritic structures such as nanoscale (nanometer-sized polymers) architecture, narrow poly dispersity index, and multiple reactive functional sites with the potentiality for bond formation with chemical therapeutics at their surfaces which make them best in this regard . (28, 29 ). Yet, not all of the dendrimers are suitable in this respect; biocompatible properties like water solubility, biodegradation, non-cytotoxicity, nonimmunogenicity features must be verified for them in vitro and in vivo. In this report, one generations of a highly water soluble anionic linear-globular dendrimer G2 (MW~2000 Da), poly (ethylene glycol) as the core and citric acid at the periphery, was selected for the subsequent coupling. The dendrimer had been synthesized before showing good efficacy and less toxicity (30, 31, 32) .
Diethylenetriaminepenta acetic acid (DTPA) is very strong chemical that is classified in categories Extra Cellular Fluids Contrast Agent (ECFCA) (33, 34) . Compound has a capacity of 5 carboxylic acid and can give the metal chelate (e.g., iron, copper and other cations). DTPA helps to prevent heavy metal sediment and is used in treating such conditions plus raDOIpharmaceutical aspects (35, 36) . It should be finally stated that DTPA does not have the ability to cell entrance, but it has a very good copper complex formation. In brief, one of the major concerns in WD therpay is regarding the intracellular copper overload in various tissues specifically hepatocellular tissue and this causes severe toxicities. It should be notified that current anti-WD medications show many side effects and even less intracellular anticopper activities (3-12). Hence, there is a need to investigate the new class of drugs to treat the disease with more safety/ efficacy as well as less cost. DTPA is a low cost and very good metal chelator but it could not able to cell penetrate. (30, (37) (38) .
The aim of the present study is to conjugate DTPA with the nano-sized anionic linear globular biocompatible dendrimer to generate a novel safe and very powerful intracellular copper overload showing more liabilities comparing to traditionally used drug D-penicillamine.
Materials and Methods

2-1. Materials
All chemicals (e.g., DTPA, EDC, ADH…) and all cell experiment's materials (cell culture medium, plates, MTT salt…) were purchased from Sigma-Aldrich Co. (USA) without further biochemical evaluations. All solvents (e.g., Methanol, Chloroform, Diethyl ether…) were also purchased from Merck Co. (Germany). Dialysis bag (500Da cut off) was purchased from Spectrumlabs (Spectra/por R , Rancho Dominguez, 
2-2. Synthesis
Based on our previously published data (30-39) anionic linear globular dendrimerG2 was synthesized and purified. Following previous step (synthesis of dendrimer), dendrimer was conjugated to adipic acid dihydrizide (ADH, which acts as a linker spacer) to facilate its conjugation to DTPA (1mmole dendrimer: 10 mmole ADH) in the presence of 10 mmole water soluable ethyl dimethyl propylamine carbodiimide EDC and conjugation enhancer / water resistant agent N-Sulfo-Succinamide (N-Sulfo-HS, 5 mmole). To avoid the use of organic solvents Nsulfo-HS was employed to resist water reversing effects on conjugation and to perform the experiment in biological solvents and to make reaction type from conventional to green chemistry. After fictionalization and purification of dendrimer (reaction time 1 hr) using dialysis bag (cut off 500-1000Da, Spectrum ® ), 10 mmole DTPA in water was added dropwise to the solution containing functionalized dendrimer at the presence of 10 mmole EDC again and the reaction mixture was stirred at room temperature for at least one day. Reaction times, purity and impurity of synthesized compounds were monitored by Thin Layer Chromatography TLC.
2-3. Purification
Gel chromatography is an easy way to separate the mixture of materials based on their molecular size and shapes. The stationary phase is composed of Sephadex G25 fine ® . In fact, a soluble neutral polymer matrix network is formed. The stationary phase usually is saturated by a solvent used in the synthesis or folding refolding procedure, in case PBS or distilled water (40) (41) (42) (43) (44) (45) (46) .
Gel chromatography of PBS buffer or water is performable while first, the column to be washed to smooth out the gel and prepare the column ready to use and additional material to be removed from the column. Second, the reaction mixture (2-4 ml) was added to the column (high=30 Cm, Width= 3Cm) and the procedure was followed by washing for several times with the solvent (e.g., water). Every 20 drops (external from the column) was collected and placed in a separate tube and assigned with a number and this has been prolonged since tube number 20. Then each tube was checked by Thin Layer Chromatography (TLC) to ensure and find the synthesized nanosized conjugate. TLC condition was set as a mixture of 7ml chloroform and 3ml methanol and the procedure was performed on Silica gel plates and retention factor of the materials has been obtained and compared with our first observations (synthesis step, Retention Factor (Rf) of DTPA, Dendrimer and conjugated DTPA-Dendrimer was calculated). Tubes containing only nanosized conjugate were chosen for the lyophilization step and our next experiments. The synthesis yield was obtained 63%.
2-4. TEM and Zeta/ Size to determine the combination of size and time Nanoconjoge DTPA -Dendrimer
The conjugates were also characterized by Transmission Electron Micrograph TEM (JOEL 1230; accelerating voltage, 100 kV). For TEM sample preparation, one drop of Nanosized conjugate or Dendrimer aqueous suspension was placed on a copper grid and the excess volume was removed. The samples were used after drying at room temperature and finally images were taken.
A distribution spectrum from a scale of 0.6 nm to 6 microns could be measured (47,48). Each of the dendrimer and nanoconjugate (0.5 mg/ml) was checked for the size and zeta potential distribution change by DLS method (Malvern, Zetasizer Nano ZS, Worcestershire, UK) in double distilled water D.D.W.
2-5. Fourier transforms infrared FT-IR studies
The changes in the spectra of the dendrimer, DTPA and Nanoconjugate were examined by FT-IR spectroscopy (Thermo-Nicolet, NEXUS 870, Waltham, MA, USA) before and after the conjugation. The shifts in the some wave numbers of the functional groups in the IR were able to show the surface conjugation and even clarify the involved groups in the conjugation process (49,50).
2-6. HepG 2 cell Culture
First, the cells were frozen and kept at -80 0C since there is a need for them. Then containing vial was defreeze and cells were ready to grow, defreeze cells were used for the water bath (51) . After defreeze cells, they immediately dropped by Sampler the Falcon will centrifuge (52) . Flask should be opened under the hood and in a medium inside the flask to avoid contamination. After centrifugation with rpm 1500 rpm for 5 min, the supernatant fluid was removed to empty cells can be deposited, clear supernatant is removed by sampler. Then, the cells shed into the flask containing the cell culture medium and incubated until the cells could be grown. After incubation, cells were washed several times with PBS and to remove the cells (passage procedure) Trypsine/EDTA solution was used and this procedure was continued every 48-72 hrs since the cell mass was shown the confluences above 75% (53,54).
2-7. WD cell model
Hepatocellular Cell Carcinoma HepG2 cells in which previously assigned as WD cell model were completely grown in DMEM with 10% fetal calf serum (FBS) and 200 U / ml penicillin G and streptomycin 200 U / ml. During the passage, cells were washed three times in the media, after a period of 48 hours after the cells were cultured in media 0.5 mmol Cuso4 was added to the medium to reach WD cell model. [44] [45] [46] [47] [48] Every 10 6 cells were chosen for drug assay experiments and each dose of drug/ nanoconjugate was assessed for at least three times.
2-8. MTT assay method
3,4,5 Dimethylthiazol-2-yl 2, 5-diphenyl tetrazolium bromide MTT assay is one the current techniques which is widely used for cell viability measurements.
This assay is based on the reduction of MTT to formazan by viable cells (55-57 58-59) . After the end of the incubation times (24, 48 hrs) with various concentrations of the nanoconjugate, the supernatant of the cells (HepG2) were removed, MTT solution was added to each well of the plates at final concentration of 0.5 mg/ml, and the cells were incubated for an additional 4 hours. Thereafter, the solutions were removed, and the dye was dissolved in 100 l dimethyl sulfoxide; the plates were kept in a dark place for another one hour in order to be ready for spectrophotometric determination. The amount of absorption in each well, that is, the conversion of MTT to formazan by metabolically viable cells, was calculated by an automated microplate reader at 570 nm. The results were divided to the absorption of untreated control culture as a percent of viable cells. (Wells containing only culture media.)
2-9. Drug / Nanocinjugate assay
To drug potency assay, the synthesized nanoconjugate and D-penicillamine at different doses were prepared and injected on separate plates containing 10 6 cells and the experiments were repeated for at least three times for each dose. It should be stated that negative control containing untreated cells + medium and positive control (WD cell model) were also prepared. After incubation time of 24hrs drug and cells, the cells have been broken by grinding glass beads in a 50 ml tube at 100 0C by a 45 Hz electric motor for 20 minutes (60-61). The seeds and disrupted cells were removed by centrifugation; Supernatant solution was removed for copper assay with Atomic Absorption spectroscopy.
2-10. The Flame Atomic Absorption Spectrophotometer
Flame atomic absorption spectrophotometer (PERKIN ELMER ) was used for the analysis of Cu +2 ions in aqueous solution. Concentrations were determined after calibrating the instrument with standards within the concentration range of 5-50 mg/l for Cu +2 . Each determination was repeated three times and the results are the average values .To measure the unknown Cu(II) ions in high concentration , it was diluted with distilled de-ionized water to bring the concentration within the calibration concentration interval .The pH measurements of all solutions were done with PH meter And Cell debris were collected by centrifuge model Sigma 3-16PK(Germany) (60,61).
2-11. Nanoconjugate IC50 or EC50 Calculation
)half maximal effective concentration or half maximal inhibitory concentration( EC50 refers to half concentration of drug effectiveness or toxicity of a drug which causes to decrease intracellular copper concentration to 50% of ground state (WD cell model). 62, 63 For this purpose linear model was used to assess nanosized DTPA-dendrimeric conjugateIC50 based on the curve in which dose of drug is X and Y is regarding to intracellular copper concentration. Based on the obtained linear equation curve IC50 could be calculated.
2-12. Statistical analysis
Data interpretations were performed by SPSS 19 software using One way ANOVA with post hoc TUKEY test and the data comparison covering P<0.05 was considered significant. The data presentation is based on Mean ± SEM or SD (size and zeta potential).
Results
3-1. Synthesis
Based on TLC results, the first four tubes showed no presence of a spot regarding any materials. Tube numbers 5 and 6 showed TLC spots with Rf = 0.76 represents the DTPA surfaced conjugated dendrimer G2. It should also be stated that DTPA, ADH, EDC, Nsulfo-HS, DendimerG2 and DendrimerG2-ADH)'s Rfs were previously obtained as 0.96, 0.43, 0.90, 0.56 , 0.94 and 0.88 respectively. According to gel filtration rules; high molecular weight compound is exit from the column faster than those of having lower molecular weight materials and based on the explained reasons (different Rf and rapid exist from the column) tubes 5 and 6 were identified to contain DTPA-DendrimerG2. (Pattern for chromatographic purification of the reaction mixture were elaborately depicted in Fig.1 ).
Rf= distant of solvent on TLC plate/ distant of each spot on TLC plate. 
3-2. Electron microscope images and Sizes and times using the Z-Sizer
TEM images showed a significant increase in the glubolar shape of dendrimerG2 after surface DTPA conjugation (Fig.2) . The obtained data showed a significant increase in size and also zeta potentioal of dendrimer after DTPA surface conjugation as well. This phenomenon may refer to increase the carboxylic groups at the dendrimer surface. (Table 1) ( Fig.3, 4 , 5) 
3-3. FTIR data interpretation
Below mentioned peaks at the spectrum of nanosized conjugate is confirming the conjugation: 1-Being seen as a clear peak at 1700-1800 cm reverse (-COOH or carbonyl) 2-Being seen as a clear peak at 1600-1700 cm reverse (NH-amide) 3-Being seen as a clear peak at 3000-3500 cm reverse (OH or NH) Besides of the above the common peaks between Dendrtimer and DTPA were also easily find at DTPA-DendrimerG2 spectrum. (Fig.6) 
3-4. Cellular Toxicity Assay (MTT assay results)
As it can be seen in Fig.7 nanosized anionic linear globular dendrimer G2-DTPA conjugate caused to not any significant alteration in viable HepG2 cell numbers at all. On the other hand, no toxic effect (P>0.05) was observed. It should be additionally stated that dendrimer G2 previously assessed and showed no significant toxic effects as well (30) . This observation showed that dendrimer-DTPA surface conjugation did not produce any significant cell toxicity.
3-5. Nanoscaled DTPA effect on intracellular copper concentration
As it can be seen in Fig.8 DTPA-Dendrimer with different doses from 10-100 µg/ml has been administered on WD cell models and this compound caused to significant (P<0.05) decrease in intracellular copper concentration from WD cell model state to near normal cells content except 10 and 20 µg/ml which showed no significant effects. In overall view as elaborately demonstrated in Fig.9 alone DTPA had not shown any significant alteration in copper concentration and it is probably due to DTPA negative charges which cause to prevent cell penetrate. In contrast dendrimer G2 because of its nanosize structure may penetrate to the cell and due to its polycitric acid structure may form copper complex and as result showed a very good potency to decrease copper concentration but less than the nanosized DTPA-dendrimer conjugate. Nanoscaled DTPA at doses 80 and 100 µg/ml showed a more significant P<0.05 effects on lowering the intracellular copper concentration than other concentrations of DTPA, Dendrimer or even 10-60 µg/ml dendrimer-DTPA doses.
3-6. Nanoscaled DTPA and D-penicillamine Comparative study
As it has been shown in Fig. 10 , administration of standard drug D-penicillamine with high doses 500-1000 µg/ml caused to significant decrease in copper concentration comparing to controls but its liability was observed significantly P<0.05 less than DTPADendrimer or even alone DendrimerG2 at dose of 500 µg/ml. The comparative study showed an equal potential for both doses of 100 µg/ml of nanoscaled DTPA and 1000 µg/ml of standard drug D-penicillamine. The interesting finding is the comparative ratio of nanoscaled DTPA to Dpenicillamine which obtained 1:10. On the other hand, nanoscaled DTPA showed an equal or even more effects on decrease the intracellular copper concentration with 0.1 dose of D-penicillamine without showing any cellular toxicity.
3-7. EC50 Calculation
Based on the DTPA-DendrimeG2 doses X and the Reponses to the drug Y (copper concentration) EC50 curve was depicted and linear model was obtained. ( Fig.11 ) Based on the below calculations NanoconjugateDTPADendrimerG2EC50 has been performed: Linear model equation: y = -0/6467x + 90/516 If y = 50.x= EC50 50= -0.6467x + 90.516 -40.516= -0.6467x X= EC50 = 62.6 μg/ml 62.6 μg/ml is apparently much less that Dpenicillamine EC50 and based on its safety and powerful effects it can propound as new WD alternative therapy in near future.
Figure 9
Overview comparing effect of all materials used in this study 
Discussion
First discovery regarding the present study is to generate novel nanoscale of DTPA. It is well established that DTPA as metal chelating agent could not able to enter the cells but generating nanoscale of DTPA based on anionic linear globular biocompatible dendrimerG2 conjugation is well shown a significant cell penetration because of the significant decrease in intercellular copper concentration. Second interesting finding regarding the present data is to decrease toxicity comparing the current anti-WD agents. On the other hand, our generated DTPA nanoscale showed a very potent anti-WD effect without any cell toxicity. Third finding is about cost benefit of generated nanoscale of DTPA because the conjugate is composed from low cost materials DTPA and polycitric acid backbone dendrimer. Anionic charges of both dendrimer and DTPAdendrimer is a major cause of lowering the toxic effects, because negative charge at cell surface can far our conjugate negative charge a way and thus it may cause to avoid any surface-surface interactions and subsequent toxicity (64, 65) . This phenomenon may be also regarded to polycitric acid structure and also anionic charge of its surface which produces a biocompatible nanocarrier. It is additionally added that dendrimer G2 cell uptake mechanism is regarding to receptor mediated endocytosis 30 and its negative charge did not interfere with cell uptake at all and just decrease the toxicity.
Today, Various treatments but with some insufficiencies are available for WD. Some increase the removal of copper from the body, while others prevent the absorption of copper from the diet.
Generally, penicillamine is the first treatment used. This binds copper (chelation) and leads to excretion of copper in the urine. Hence, monitoring of the amount of copper in the urine can be done to ensure a sufficiently high dose is taken. Penicillamine is not without problems: about 20% experience a side effect or complication of penicillamine treatment, such as drug-induced lupus (causing joint pains and a skin rash) or myasthenia (a nerve condition leading to muscle weakness). In those who presented with neurological symptoms, almost half experience a paradoxical worsening in their symptoms. While this phenomenon is also observed in other treatments for Wilson's, it is usually taken as an indication for discontinuing penicillamine and commencing second-line treatment (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Intolerant to penicillamine may instead be commenced on trientine hydrochloride, which also has chelating properties. Some recommend trientine as first-line treatment, but experience with penicillamine is more extensive (7-12). A further agent with known activity in Wilson's disease is tetrathiomolybdate. This is still regarded as experimental, (7) although some studies have shown a beneficial effect (1, (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Based on the above, our discovered agent seems to be a better compound because of advantages as follows: a) Its production is cost benefit b: Having not any significant cellular toxicity c: Good therapeutic potency and d: Low IC50 62 µg/ml (Nanoscaled DTPA to D-penicillamine ratio; 1:10).
It should be finally added that further in vitro and in vivo animal model investigations are necessary to find underlying mechanisms of nanosized DTPA action and or subsequent clinical experiments are needed to prove the nanoscale derivative of DTPA liability as a novel WD alternative therapeutic agent. 
